This paper analyses the phytochemical composition, and antioxidant activity of new selected biotypes of cherry silverberry grown in Poland. In addition, the polyphenolic contents, sugars, and vitamin C, as well as organic acid profile were evaluated. Among the researched compounds, two sugars, seven organic acids, and six fatty acids were reported in new studied biotypes of cherry silverberry. Some new biotypes presented a high contents of vitamin C, linoleic, α-linoleic acids (si1, and si2), glucose, fructose, ash (si5, and si4), other fatty acids, organic acids, and antioxidant activity (si0, and si3). They displayed an average contents of polyphenols [5.68 g GAE/100 g dry matter (d.m.)], vitamin C (15.13 mg/100 g), ash (0.56%), fatty acids (89.99%), organic acids (22.41 g/100 g d.m.), sugars (47.96 g/100 g d.m.), and high antioxidant activity of 3.62 mM Trolox (TE)/100 g d.m. (FRAP assay), and 5.11 mM TE/100 g d.m. (DPPH assay). The new biotypes of cherry silverberry cultivated in Poland might be a good source for the production of functional foods, and direct consumption. Moreover, cherry silverberry is an inquisitive material with a different phytochemical components, and according to the principal component analysis, strongly dependent on the biotype.
Introduction
The search for plant species that are a source of bioactive substances is an important subject of research by scientists from many research centers around the world. Consumers are also looking for tasty, natural foods produced in an uncontaminated environment. Particular attention is paid to less-known plants growing in various climatic zones, and then introduced to cultivation outside their natural origin [1] . Plants that meet these criteria include Far Eastern species, especially those from the Elaeagnaceae family, which are gaining increasing popularity. The genus Elaeagnus includes about 70-80 plant species [2, 3] . Despite numerous representatives of this type, only a few species have been thoroughly examined, including E. angustifolia (narrow-leaved cherry silverberry), E. umbellata (mother-earthen cherry silverberry), and E. multiflora (cherry silverberry, gumi) which is not fully understood. Phytochemical assessment studies have shown that the fruits of Elaeagnus genus plants contain numerous chemical compounds that can positively affect human health. Studies have shown that the fruits of these plants contain, among others, phenolic acids (chlorogenic; caffeic; p-formic acids), flavonoids (routine, quercetin), lipids, carotenoids, ascorbic acid, and a significant amount of lycopene [2] . Research has confirmed that these compounds have antioxidant (primarily anti-cancer) properties. Anti-cancer activity has been confirmed by experiments on in vitro as well as in vivo models. The causes of tumor-suppressing properties are sought for the ability to remove reactive oxygen species, interfere with cell division, and modulate the signal transduction pathway. Lee et al. [4] , also showed that the multiflorous cherry silverberry (Elaeagnus multiflora) in its composition has a number of chemical compounds-secondary metabolites that affect health. These compounds occur in various parts of plants. It was 1 3 found that the fruit of the cherry silverberry contains a number of carotenoids, while its leaves are characterized by a high content of sugar, fatty acids, and phytosterols.
In addition, the cherry silverberry is a native plant to China, Korea and Japan. This is a shrub growing up to 3 m. The fruits are ellipsoidal, of a drupe-like type, up to 1-cm long, and are set on stems. Their color is red, and they are juicy, and sour, with a taste resembling that of red currant. In Poland, silverberries ripen at the end of June or at the beginning of July [5] . In China, cherry silverberry, generally referred to as gumi, has been known as a medicinal plant, traditionally used as a remedy for couch, diarrhea, itch, and foul sores, and even cancer [6] . Fruits of this plant can be used in home processing to prepare juice, compote, jam, and other food products [7] . This species is currently being introduced into cultivation in Russia, Ukraine, and USA, while it has not yet been commercially produced in Poland. Since the 1990s, research has been carried out at the Department of Horticulture of the University of Warmia and Mazury in Olsztyn to select the best forms for introduction into cultivation in Poland. The assessment of the yield, morphology, and quality of the fruit of the four biotypes of the long-leaved cherry silverberry in terms of their suitability for cultivation in the conditions of north-eastern Poland was presented by Bieniek et al. [5] .
According to the available literature [8, 9] , fruits of the cherry silverberry contain carbohydrates, pectins, and acids. In addition, there are lipids in the fruit of the cherry silverberry along with dissolved sterols, vitamins, and mineral compounds. Such diversity of chemical components in the fruit of the cherry silverberry causes that nutritional and dietary value is also attributed to them [4, [10] [11] [12] .
Therefore, the aim of this work was to evaluate the phytochemicals profile analysis by HPLC, and antioxidant activity (DPPH, and FRAP assay) of new selected biotypes of cherry silverberry grown in Poland. An additional goal was to select the most valuable fruits in terms of chemical composition, and promote fruits little known to the food industry. Furthermore, the PCA system was used to show the important dependences between the biotypes of cherry silverberry, and the tested phytochemical composition.
Materials and methods

Reagent and standard
Acetonitrile, formic acid, methanol, DPPH (1,1-diphenyl-2-picrylhydrazyl radical), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), 2,4,6-tri(2-pyridyl)-striazine (TPTZ), methanol acetic acid, and phloroglucinol were purchased from Sigma-Aldrich (Steinheim, Germany). Gallic acid was purchased from Extrasynthese (Lyon, France). Analytic standards of tartaric acid, citric acid, malic acid, lactic acid, succinic acid, fructose, glucose were purchased from Dr. Ehrenstrofer (Teddington, UK). Acetonitrile (HPLC gradient grade), and sulphuric acid (analytical grade) were purchased from POCH (Gliwice, Poland). Formic acid (LC-MS grade) was purchased from Fischer Scientific (Schwerte, Germany). Acetonitrile for ultra-phase liquid chromatography (UPLC; Gradient grade), and ascorbic acid were obtained from Merck (Darmstadt, Germany).
Plant materials
The experiment was established in 2007 in the Experimental Garden of the University of Warmia and Mazury in Olsztyn (north-eastern Poland, latitude: 53°50N, 20°31E). Fruit samples (~ 10.0 kg each) were collected at the optimum ripening time in 2018 (in the same time). The climate of Olsztyn is typical for lakeland areas, determined by local elements of the environment, i.e., the land form, and numerous lakes, and forests. The study involved three vegetatively propagated biotypes: 9-19-1996 (si1), 9-24-1996 (si2), 9-34-1996 (si3) obtained from the Institute for Fruit Growing in Samokhvalovitchy from the E-2 breeding farm [13] , and two biotypes 01-1999 (si0): 9-44-1996 (si4), and 9-84-1996 (si5) obtained from seeds of the 01-1999 (si0) biotype in 2005. The comparison of the biotypes also included evaluation of the 01-1999 (si0) biotype, obtained from seeds originating from a shrub cultivated in Olsztyn from 1999. The plants were planted in Albic Luvisolx (Arenic) soil, deeply flattened, produced from clays of pH in KCl 6.8 in 4 × 2 m spacing. The shrubs started to fructify in the third year after planting.
The raw material was directly frozen in liquid nitrogen, and freeze-dried (24 h; Christ Alpha 1-4 LSC; Germany). The homogeneous dry material was obtained by crushing the dried tissues using a closed laboratory mill (IKA A.11, Germany). The powders were kept in a refrigerator (− 80 °C) until extract preparation.
Determination of vitamin C, ash, fatty acids
The total content of l-ascorbic acid was measured by PN-90/A-75101/11 [14] . Determination of vitamin C by Tillmans method involves the reduction of a color solution of 2,6-dichlorophenolindophenol to a colorless substance under the influence of l-ascorbic acid. The amount of ash was tested by PN-90/A-75101 [15] . The principle of the method is to dry the sample to a constant mass under specified pressure, and temperature conditions, and to calculate the percentage of dry residue in the sample before drying. The total content of fatty acids was analyzed by PN-EN ISO 12966-1:2015-01 [16] . The principle of determination consists in subjecting the sample to fat esterification, and then separating the fatty acid methyl esters on the RTX 2330 column. The results of the analysis are expressed as a percentage of individual fatty acids.
Determination of polyphenols
Total polyphenols were determined by the Folin-Ciocalteau method [17] . An aliquot (100 μL) of extract was mixed with 2000 μL of distilled water, and 200 μL of Folin-Ciocalteau reagent. Two hundred microliters of sodium carbonate solution (200 g/L) was added to the mixture. The mixture was incubated at 20 °C for 1 h in darkness. The absorbance was read at 765 nm on a UV-Vis spectrophotometer (Shimadzu UV-2401 PC, Kyoto, Japan). Solutions of gallic acid from 0 to 500 mg/L were measured with the same procedure as for the creation of the calibration curve. Total polyphenolics were expressed as g of gallic acid equivalents (GAE) per 100 g of dry matter (d.m.).
Determination of sugars and organic acids
The chemical parameters, including organic acid contents, and sugar contents, were measured by the HPLC-RID method [18] . All determinations were performed in triplicate, and the results were expressed as g per 100 g d.m.
The sweetness, relative to sucrose was also determined:
Determination of antioxidant activity
The DPPH, and FRAP assays were determined as previously described by Yen et al. [19] , and Benzie and Strain [20] , respectively. Determinations by DPPH, and FRAP methods were performed using a UV-2401 PC spectrophotometer (Shimadzu, Kyoto, Japan). All antioxidant activity analyses were done in triplicate, and expressed as micromoles of Trolox per 100 g d.m.
Statistical analysis
Statistical analysis, one-way ANOVA and principal component analysis (PCA) were conducted using Statistica version 12.5 (StatSoft, Kraków, Poland). Significant differences (p ≤ 0.05) between mean values were evaluated by one-way ANOVA, and Duncan's multiple range test.
Results and discussion
Chemical compounds
The tested new biotypes of cherry silverberry were determined for dry matter, vitamin C, and ash ( Table 1 ). The content of dry matter, mineral composition, and vitamin C of the cherry silverberry depends not only on the cultivars, biotypes or genotypes, but also on the growing conditions [21] . Table 1 concluded the amount of basic chemical parameters contained selected cherry silverberry of the examined biotypes. It was noted that the cherry silverberry biotypes differed in chemical contents. Kheiralipour et al. [22] , and Zatylny et al. [23] , found differences in the contents, and profile of chemical compounds from growing conditions, genetic differences, chemical composition of soil, the natural environmental as well as storage of maturity. It was shown that the examined cherry silverberry biotypes had a similar amount of dry matter. Among the tested new biotypes, the content of dry matter was low, and ranged from 19.81 in si0 to 27.16% in si1, and si5, respectively. The high content of water in cherry silverberry indicates the storage condition, and proper maturation. The water contents in this study were similar to the data reported [5, 13] , in comparison with another berry such as chokeberry [24] . Table 1 shows that the content of vitamin C in the new examined biotypes of cherry silverberry had significant differences (p < 0.05) among the tested biotypes. The average contents of analyzed parameters was moderate 13 mg/100 g ). The highest content of vitamin C in the new biotypes of cherry silverberry was obtained in si2 (> 17 mg/100 g), while si1, si3, si4, si5 had the lowest amounts (< 15 mg/100 g). Lower content of vitamin C was noted by Szałkiewicz and Kawecki [13] , which ranged from 2.35 to 4.34 mg/100 g, and by Bieniek et al. [5] , which ranged from 4.22 to 7.70 mg/100 g compared with the present results; while the amount of ascorbic acid in the berry obtained in Ukraine [5] , was similar, and its content ranged from 15.8 to 33.1 mg/100 g. Khattak et al. [25] found that the berry contained 22 mg/100 g of vitamin C. However, the amount in Elaeagnus umbellate was 1.8 times higher compared with content in Elaeagnus multiflora [25] . Moreover, the content of vitamin C in cherry silverberry was 1.5, and 4.0 times higher, and 2.0 times lower compared with amount in the saskatoon berry (Amelanchier alnifolia Nutt.), blueberry (Vaccinium spp.), and blackcurrant (Ribes nigrum), respectively [26, 27] . Generally, vitamin C is very biologically active. It takes part in many extremely important reactions, and changes, stimulating various biochemical processes in the body. Vitamin C is the most well-known antioxidant. Thanks to its antioxidant properties, this vitamin has a protective role in heart, and blood vessel diseases [28, 29] . Among the researched parameters, ash was determined in the new studied biotypes of cherry silverberry ( Table 1 ). The lowest content of ash compounds was noted in si0-0.46%, and the highest was found in si5-0.62%. Moreover, the content of ash in cherry silverberry was 1.4, and 2.5 times higher compared with the amount in the saskatoon berry (Amelanchier alnifolia Nutt.), and blueberry (Vaccinium spp.) [26] . Generally, the amount of mineral composition is determined by minerals such as calcium, magnesium, sodium, phosphorus as well as iron. These minerals occur in a form easily absorbed by the body [30] .
Determination of fatty acid profiles
The content of fats was also determined in the cherry silverberry biotypes. Figure 1 illustrates the qualitative composition of fatty acid in cherry silverberry obtained from the investigated biotypes. There were six compounds of fatty acids found, and the major compounds included: palmitic acid (average 38% of total fatty acids) > linoleic omega-6 acid (22%) > linoleic omega-3 acid (18%) ≥ oleic and stearic acid (8% each) > palmitoleic acid (< 1%). The total fatty acids content ranged between 75.61 in the si4 to 96.15 g/100 g in the si3. Thus, the average fatty acids was 89 g/100 g, and was 1.2 times lower than the amount in biotype si0. Piłat et al. [31] , reported that the total contents of lipids in cherry silverberry was 1.4 g/100 g of pulp, while the amount, and profile of fatty acids in the berry obtained by Bieniek et al. [5] , were similar. Palmitic acid was the predominant fatty acids in the chemical compositions, and ranged from 30.52 in the si4 to 40.01 g/100 g in the si3. In turn, linoleic omega-6, and omega-3 (α-linolenic acid) were the next fractions in the studied cherry silverberry biotypes. According to nutritionists, the fatty acids ratio of omega-6 to omega-3 should vary from 1:1 to 5:1; in turn, in the cherry silverberry, the ratio ranged from 1:1.2 to 2:1 [5] . Linoleic acid, and linolenic acid are two of the essential unsaturated fatty acids (PUFAs). Since PUFAs are constituents of tissues, they must be delivered in food. Regardless of the structural role of PUFAs, they play an important role in the synthesis of certain biologically active substances and participate in the regulation of many important system functions. They are substrates for the synthesis of prostaglandins and multi-acting hormones [32] . The average contents of these compounds was 21.18, and 16.98 g/100 g, and also depended on the biotypes (p < 0.05). The smallest fraction of fatty acids corresponded to oleic, and stearic acid, and the average content was 7.72 g/100 g, which was 5.4 times higher than in palmitoleic acid.
Determination of organics acid, and sugars
The basic chemical, and quality components of fruits affecting their acceptance by the human body include the contents of sugars, acids, and their respective ratios. These components determine the sweetness of fruits. Table 1 gives the quantitative, and qualitative composition of sugars and sweetness in cherry silverberry biotypes. There were two sugars, glucose, and fructose biotypes noted. The total average contents of sugars was between 37.26, and 55.12 g/100 g d.m., and the biotypes differed significantly (p < 0.05) in these compounds. The lowest amount of analyzed sugars in the new biotypes of cherry silverberry was si0 (< 38 g/100 g d.m.), while the highest contents of these contents were determined in the si2, si4, si5 (> 50 g/100 g d.m.). The fructose was predominantly sugars of tested fruits, and accounted for 57-59% of all sugars. In turn, glucose was the second fraction, and accounted for 41-43% and was 1.4 times lower, on average, than the glucose content. The sweetness in cherry silverberry averaged 51 g/100 g d.m.; while in the sweet cherry, it ranged from 9.33 to 19.08 g/100 g fresh matter, and the sweetness in cherry silverberry was 2.6 times higher compared with sweet cherry. It is very difficult to compare a dry mass to a fresh mass because, during the freeze drying of fruits, the parameters in fruit tissues are more concentrated. Thus, the results received in dry tissues are normally higher than in fruits marked in fresh matter [33] . Bieniek et al. [5] , reported that the contents of total sugars in cherry silverberry fruits was between 5.34, and 6.30%, and was five times lower than fruits in the current study. In turn, the wine prepared from cherry silverberry, fructose was predominantly sugars, and contained 0.42 g/L; while the amount of glucose was five times lower [34] . Moreover, the contents of sugars in cherry silverberry was 3.6, and 5.0 times higher, and similar content compared with amount in goji, saskatoon berry, and pear (Pyrus communis L.), respectively [28, 35, 36] . Figure 2 showed the profile, and content of organic acids in the new biotypes of cherry silverberry, and presented significant differences (p < 0.05) among the content of sugars, and organic acids-tested biotypes. In addition, at the times of the increase in the content of sugars, a lower content of acids in individual biotypes was noted. The organic acids content ranged from 18.48 to 34.11 g/100 g d.m. The cherry silverberry biotype with the highest content of tested organic acids was si0 (> 30 g/100 g d.m.), while si1, and si2 had the lowest contents of organic acids (< 20 g/100 g d.m.). There were seven compounds of organic acids found, and the major ones were malic, quinic, and tartaric acid in the cherry silverberry biotypes. These compounds accounted for 55-60%, 11-15%, and 9-18%, respectively, of all organic acids contents. The content of malic acid in cherry silverberry biotypes ranged 34 g/100 g d.m ., tartaric acid ranged from 1.90 to 4.97 g/100 g d.m., and quinic acid ranged from 1.75 to 4.95 g/100 g d.m. The other analyzed compounds, such as oxalic, citric, isocitric, and succinic, were found in trace amounts. According to Nawirska-Olszańska et al. [37] , the average content of organic acids in sweet cherry was 1.6 times lower than the average content in cherry silverberry. In turn, malic acid was also predominant among the identified organic acids in sweet cherry [34, 37] . Bieniek et al. [5] , reported that the content of total organic acids ranged from 0.78 to 1.20%, and was 11 times lower than the current results. Wasiuk et al. [24] , noted that the amount of total acidity was 1.4-2.3% in cherry silverberry genotypes grown in Ukraine, while Szałkiewicz and Kawecki [13] found that acids ranged from 2.14 to 2.52% in several forms of these fruits cultivated in Belarus. However, the wines of cherry silverberry fruits contains 2.59 g/L of citric acid, 2.16 g/L of succinic acid, and 3.08 g/L of oxalic acid, but the predominant acid was lactic acid (7.32 g/L) [34] . In addition, the ratio between sugars, and acids ranged from 1.09 (si0) to 3.70 (si2), which was lower than in other cherry silverberry cultivars [5] .
The study of sugars, and organic acids in food, especially berries, are very important. Their contents, and the ratio given can affect the sensorial, and chemical characteristics of the matrix inter alia: total acidity, pH, degree of sweetness, microbial stability as well as global acceptability. It can also provide valuable information on pro-healthy food, and/or on how to optimize methods of selected technological processes [38] .
Determination of polyphenolic compounds
The polyphenolic compounds contents in selected cherry silverberry biotypes was illustrated in Fig. 3 . The total polyphenolic compounds contents ranged from 3.20 g GAE/100 g d.m. to 9.20 g GAE/100 g d.m., in the si2, and in si0, respectively. The polyphenol contents in wines prepared from cherry silverberry averaged 0.51 g GAE/100 mL. The differences may result from the variety, species, growing conditions, extraction method, technological process or analyzed materials [34] . However, the contents of total polyphenolic compounds in the Elaeagnus umbellata fruits was three times lower than the contents of these compounds in Elaeagnus multiflora [25] . In turn, the polyphenol contents in sweet cherry was six times lower than cherry silverberry [37] .
The study of polyphenolic compounds in food, especially berries, are very important. Polyphenolic compounds, commonly found in vegetable raw materials, are classified as secondary metabolites. As a dietary component, polyphenols play an important role in shaping the sensory characteristics of food. They give food a specific tart, and bitter taste, and are responsible for its color and fibrousness. Polyphenols are one of the most important natural antioxidants with a strong scavenging ability of free radicals; they also show anticancer, as well as anti-ulcer properties. In turn, the composition of the phenolics fraction of fruits, and vegetables depends on some factors such as species, variety, climatic, and agrotechnical conditions [30, 39] . Figure 4 presents antioxidant activity determined by DPPH, and FRAP assay. A statistical analysis illustrated that the examined cherry silverberry biotypes differed in their antioxidant activity (p < 0.005). The antioxidant activity in cherry silverberry depended on the biotypes. Antioxidant activity of the tested cherry silverberry biotypes ranged from 4.32 mM TE/100 g in the si4 to 9.49 mM TE/100 g d.m. in the si0 measured using DPPH assay; from 2.65 mM TE/100 g in the si2 to 7.32 mM TE/100 g d.m. in the si0, determined using the FRAP solution. However, the average antioxidant activity tested by DPPH, and FRAP assay was 5.11, and 3.62 mM TE/100 g d.m., respectively, and was 1.8, and 2.0 times lower than the volume in biotype si0. The antioxidant activity [DPPH assay] in other cherry silverberry species (Elaeagnus umbellata) was 1.2 times higher than in Elaeagnus multiflora [25] , while the antioxidant activity of the wines was around 2.6 times lower [34] . The antioxidant capacity measured by a FRAP assay was 3.4 times higher in cherry silverberry compared to sweet cherry [37] . 
Antioxidant activity
Principal component analysis (PCA)
The examined results were subjected to a principal component analysis (Fig. 5) . The resulting data determined the relationship between antioxidant activity, and chemical compounds such as vitamin C, ash, organic acids, sugars, and polyphenols of new studied cherry silverberry biotypes (Fig. 5) . The PCA illustrated 80.00% of the overall data variation, and the first (PC1), and second (PC2) factors explained 54.98%, and 25.06% of the data variation, respectively. The PC1 factor is clearly comprised of ash, sugars (glucose, and fructose), the ratio between sugars, and organic acids, vitamin C, linoleic, and α-linoleic acids as well as succinic acid. However, the PC2 factor is connected mainly with organic acids, total phenolic compounds, antioxidant activity, and other fatty acids. Some new biotypes (e.g., si1, and si2) were a good source of vitamin C, linoleic, and α-linoleic acids, which was confirmed by the positive correlation of PC1. However, the si5, and si4 biotypes of cherry silverberry were rich in ash, glucose, fructose, and succinic acid. The new biotypes, si0, and si3 of cherry silverberry, showed the highest antioxidant activity (DPPH), fatty acids (palmitoleic, oleic acids), oxalic, and quinic acids. The si0 biotypes showed higher contents of total polyphenolic compounds, organic acid (including tartanic, malic, isocitric), palmitoleic acid, and higher antioxidant activity (FRAP) than the other tested biotypes.
Conclusions
In summary, the examined new biotypes of cherry silverberry fruits had significantly different chemical compositions, and antioxidant activity. The principal component analysis confirmed significant disparity in the phytochemical components of cherry silverberry depending on biotypes. Some new biotypes contain a high content of vitamin C, linoleic omega-6, α-linoleic acids (si1, and si2), glucose, fructose, ash (si5, and si4), other fatty acids, organic acids, and antioxidant activity (si0, and si3). In addition, the si0 biotypes also showed a high content of total polyphenolic compounds, organic acids (including tartanic, malic, isocitric), and palmitoleic acid, as well as higher antioxidant activity than other tested biotypes. The following average contents were recorded: polyphenols-5.68 g GAE/100 g d.m., vitamin C-15.13 mg/100 g, ash-0.56%, fatty acids-89.99%, organic acids-22.41 g/100 g d.m., sugars-47.96 g/100 g d.m., and antioxidant activity-3.62 (FRAP assay), and 5.11 mM TE/100 g d.m. (DPPH assay). The new examined biotypes of cherry silverberry cultivated in Poland are interesting material, and may be a good source for the production of functional foods, and direct consumption. Moreover, the fruit grows well in temperate climates, which may be important for fruit cultivation.
